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Reference: WAC/91/28

l. SUMMARY
A review of the known alkyl derivatives of pentaborane-=9 is presented.
A stainless steel autoclave has been used to study the reaction of
ethylene with pentaborane in the presence of aluminium chloride catalyst.

Attention has been given to the effect of temperature, catalyst ratio and
ethylene pressuree.

The separation of ethyl pentaborane from pentaborane has been achieved
by fractional distillation under a small positive pressure of nitrogen.

Relative rates of hydrolysis of decaborane, ethyl decaborane and ethyl
pentaborane have been measured in a dioxane/hydrochloric acid medium.

The preparation, purification and properties of ethyl pentaborane are
discussed and comparison is inade with ethyl decaborane.

2«  INTRODUCTION

An earlier report (1) mentioned some of the reasons for current
interest in the possibility of using compounds of boron, carbon and
hydrogen as high energy fuels in aircraft engines. Alkyl derivatives
of pentaborane and decaborane have attracted particular attention in this
respect and it has been shown that these compounds may be prepared by
Friedel Crafts reactions between the borane and a suitable alkylating agent
in the presence of aluminium chloride as catalyste.

Under the conditions of the Friedel Crafts reaction decaborane under-
went polysubstitution and derivatives containing up to four alkyl groups
were isolated and characterised. Similar reaction products have been
obtained in the U.S.A.(2, 3). Thus Hef-3, a boron fuel commercially
available in the U.S.A., consists of decabu.ane (6.8 per cent), monoethyl
(69.4 per cent), diethyl (22.4 per cent) and triethyl decaborane (1.4 per
cent) (4, 5). HiCal-3, another boron fuel from a commercial source in
America, prepared by simultaneous ethylation and pyrolysis of diborane and
ethylene (6),contains mono and polyethylated decaborane as well as the
corresponding derivatives of pentaborane (7, 8).

Introduction of alkyl groups into boranes, necessary if the product is
to possess the physical properties required of a fuel, adversely affects
the heat of combustion of the material, the effect increasing with number
of substituents (9)s It was of interest therefore, to observe that
Friedel Crafts ethylation of pentaborane-9 with ethylene/aluminiun chloride
gave .nly monoethyl pentaborane and there was no evidence of polysubstitution
(1, 10)e The discovery encouraged further research to determine optimum
conditions for the synthesis of ethyl pentaborane and the investigation
forms the subject of this repcrt.
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3«  ALKYL, DERIVATIVES OF PENTABORANE-O

The known, well-characterised derivatives of pentaborane-9 are listed
in Table 1 (pe3)e Aluminium chloride catalysed Friedel Crafts reactions
have generally been used to prepare these compounds although several
methyl derivatives were obtained by simultaneous pyrolysis and alkylation
using boron trimethyl (14). A particularly interesting outcome of this
work was the isolation of two isomeric monomethyl pentaboranes. One of
the isomers, vapour pressure 35 mm.Hg/0°C, was identical with the apically
?ubstit):uted product obtained by Triedel Crafts methylation of pentaborane

1, lo L]

" Propyl penteborane is the major constituent (70 - 85 per cent) of an
American boron fuel, Hef-2 (6, 20)s The material also contains dipropyl
pentaborane (15 - 25 per cent) and pentaborane (3 - 5 per cent).

Gas chromatographic exaudination of HiCal-=3 demonstrated the presence
of small quantities of polyethylated pentaborane corresponding to diethyl
(1.1 per cent), triethyl (3.2 per cent), tetra~ethyl (49 per cent) end
penta=ethyl pentaborane (0.7 per cent) (7). These compounds were not
sufficiently well-characterised for inclusion in the table.

Formation of ethyl pentaborane by reaction of pentaborane with
1, 2-dibromoethane or 1,2-dichloroethzne was to some extent unexpected (11).
Two possible mechanisms were suggested to explain why these reactions
should give ethyl pentaborane instead of the desired dipentaboranylethane.
Reduction by pentaborane is involved in either process:

- EB5H9 + XCHy-CHpX ~ -+1C13 BHiCH,CHX + HX

(BgH,CH,OH X + BgHg ~=°13.BoHgOH CHy + HX + polymer

- Falory
(41) §B5H9 + XCH,=CH X ———3-»CH30H2X + HX + polymer
£1C1 Y
CHBCHZX + B5H9 —_— 3--B5}180H2cﬁ25 + B

where X = Br or Cl.

Blundell (16) studied the Friedel Crafts alkylation of pentaborane
with ethylene/aluminium chloride in a heated Nimonic autoclave and
recorded yields of 20 to 35 per cent at 50°C with an ethylene pressure
of 80 Pe Sele

In a parallel but indscpendent investigation by the przsent authors
efforts were made to obtain high yields of ethyl pentaborane accompanied
by little or no side—product formation or loss of borone Preliminary
experiments, performed in sealed glass vessels, have been reported
elsewhere (1); yields of the order of 4O per cent were obtaineds This
wes followed up by work in a metal vessel, the results of which are now
reported.

4o FRIEDEL CRAFTS ETHYLATION OF FENTABORANE-9

A 750 c.c. stainless steel autoclave was used to study the Friedel
Crafts alkylation of pentaborane-9 with ethylene in the presence of
saluminium chloride as catalyste Experiments were conducted at various

TABLE 1 .ceee
_2- /
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Analysis of a mixture of pentaborane/ethyl pentaborane (1:2) of known
composition showed that it was necessary to correct the area of the peak
due to ethyl pentaborane by a calibration factor of 1l.10.

Note 51) The exact volume of the autoclave was determined to be 768.l1l c.c.
Assuming ideal gas behaviour it was possible to calculate the number of
moles of ethylene (M) in the autoclave at a gauge pressure, P PeSeiege,

and at a temperature TOK:

M

% (9+3612 4+ 0.637P)

By taking 25°C as ambient temperature the number of moles of ethylene
used in a reaction was calculated from the equation:

M = 0.03142 + 0.002137P

where P is the initial pressure in p.seie.ge (the contribution of pentaborane
to this pressure has been igncred).

Ncte giil During early experiments under high ethylene pressures,
decreases of pressure of 5 to 30 p.s.is were observeds These changes have
not been recorded in detail because it was impossible to read the pressure
gauge with sufficient accuracy. It was important to use a swall gauge to
reduce dead space and consequently each scale division covered a pressure
range of 10 poS-io

Note (iii) In later experiments involving smaller quantities of ethylene,
the gas was measured volumetrically before and after each reaction (see
Table 5)e Ethylene was transferred to the autoclave by cooling with liquid
nitrogen instead of with solid-carbon-dioxide/acetone.

4«3 Effect of Temperature

The experiments listed in Table 2 are selected primarily to illustrate
the effect of temperature on the ethylation of pentaborane. Other
variables which clearly affect the yield of ethyl pentaborane are pressure
and reaction time. The reactions fall conveniently into two groups =
the low yields associated with high pressure (experiments 1 to 4) and the
higher yields obtained at low pressures (experimeats 9 to 12). The
effect of temperature at low pressures of ethylene was demonstrated by the
increase in yield which accompanied a decrease of temperature (experiments
9 to 12). A high reaction temperature not only resulted in low yields
but also led to increased boron loss compared with the loss accompanying
a room temperature reactions

Lol Effect of Catalyst Ratio

Experiments in which larger catalyst:pentaborane ratios were used are
summarised in Table 3. Both at room temperature and at 60°C reaction
proceeded with much loss of boron-containing materials The reason for this
loss was not determined but it seems likely that it might be explained
by complex formation with the catalyst or by condensation under its
influence.

An attempt to re-cycle the catalyst from experiment 19 (Table k)
resulted in a very poor conversion of pentaborane (experiment 20).

/TARLE 2| eeane
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CONFIDENTIAL/DISCREET




eevee ﬂ @Hﬂ&\

Ty

Cn + %w) - Wn

=

00T x

IHRI0S IA /TY TINHA LINOD

lWl

g*¢  92T0°0  MlT0°0  [G2°Z G0 , 6°05 .m: gr  wood | ¢NEe0 ggez | 4L0°0 g !g160°0 2T
gz  GTI0*0 | H6TO*0 . Sl2°T 0°0 | T°9M g* 9 oo | g1€*0 qLez (1800 92 (gT£0°0  TI
§ i | |
el | Nmﬁo.ow glTo0 | 2z 2°0 | 9% 2005 9 | o508 056*0 Ghez |0g0*0!  G*zz |Mgg0*0  OL
G*g _ T200°0 | 2620°0 | 28°T 0z | LU (€78 T | o | 00 LS*6 |TL2®0 2TT [6820°0, T
T°C | M00%0 €00 | S6°T weT | 6°6T 8%8L 2 | o® | €9€°0 96°8 |t9es0! 60T |G620°0' T |
i M _ ﬂ _ M , i [
| 6= . gwoo*0 | @go*0 | TIZ TL | T02 .6%EL| € | 09 | 2§E°0 L1*g |L92*0 OTT [M00°0 ¢ |
. €*9 | 6200°0 . 2820°0 L0°Z Gt | 92T wm.mw.. o0 22¢°0 91°8 |Tl2°0| 2TT |2660°0 |
¢°q “ 9500°0 | [%20*0 | OT*C 9°1 M A (4 Wu.ﬁﬂ. ¢ | Lo geeo g5°c | £80°0 %z |0gg¢o*0. 6 |
w _ 4, | | .
i i _ v _
“ efow ., erom 8 | fpandur mmmommmm mmmm | el BLG |
o\ a.mVQFHO.m ¢paxoA009Y 4 qonpoad Lo foange, mm M\ H.HMM\ sFeTes .AH_ oTOW *ON |
amo..H 17 Nowmm 6.6 1 Jo quU3ToM % fomy] =xodaa] m Jmm - $omssoxy| ‘POSN FISTT |
ao.nom Hdg . E - O] stow " 6.G —10dxT |
i i qonpoad Jo uoTjTsodwmo) yyed .;mm .:mN R -G | |
_ qNﬁ | ) Sk ; i
. | m . oTyeY ISTON Iy

G-ouexoqejusd Jo UOT3e[AU3{ o3 uo aanjexaduws] Jo 30010

2 "Idvd

TEMINQTT AV TINGFTLANON



ecece 4 FIAYL/ il
T
00T X m. A
(1 + W - n
9°0 . 0£00°0 | 00£0°0 |, T2 . 00 | 9°ZT [%ls G9! wWoodg  g2L°o TC2 - 0L0°0; 8L  ©££0°0; 0e
| “ “ “ _ M ; | | :
T°6T OTT0°0 | £4TO0°0 66°T 2T | E'O 6'9Y & W 699°0 | GI°¢ Geor*o| e wmmmo.o_ 22
m | _ » | “ | : |
9°1T LT10°0 | 08T0°0 Ggez | 12 Welh (605 9 009 046°0 # ¢o°¢ m NOH.ow 19 mmmmo.om
6°6T %,00°0 _ 2610°0 | G6°T ;4 1 Lhe (229 ¢ 009 656°0 m 06°z | 960°0 wom 2¢60%0
m i " m , _
6°12 0500°0 | L020°0 | £8°T ¢ | 2°S2 m.Hm_ 9 0™ G96°0 _ ob2l - wmm.o_ Gor 62%0°0 ¢
L H | _ ! = -
” | etou _. oroun w 3 | fypandur SoBuSy bxda . “mmmmxwmmm i opom o
powxog | ‘paxerocoey: ¢3oNpPOId: ” hane 1 TOTV 0 JE— il
o | i oY iwmxzod ; orom | *3etesed fposp gquAmWT
| \:“A S$807 uoaog mH.HNOMH.Nmm ; mmmm i JO vﬂmw..nmg ol QQE..H_H., MWMM—H_ q-—ﬂM.HNO mumhﬂ—mmwﬁ m ! =~Tod %
M o 2K l¢q0mpoag .wo.\noﬂﬁmonaog | OT9®H JIBTON ._qmmo -

nv—...a T

g-eueIoqejusd JO UOT3ETAUGW OU3 UO OT3ed 35A[e38) JO 3003JH

1YL

IFTEDSIA/TY LINIA TANOO




IEIOS TA / TV T INTTTANOD

— w —
evesce mo.*ﬂ\
ooT X kL
Cro+ %m) - m
-
| | i | e ofr g0t § (TE)
6*vT | LgTO*O ' 8800°0 | OLETT 1 @M 8T MoGe . moog  TEE°0 _. 4@8.0. ST
_ _ | et CofeT gmoro G (F) |
g | €TT0°0 M 0020°0 : Ll62°2 | 2°0 | 8Tt 10°65 | Te wooy = ¢2¢°0 | l2°T gho*o. & _Hmmo.o& 9T
o | TBT0*0 | GETO*0 | €€5°T | 6°0 | €69 ._m.mm 8T mwooy  Gz€*0 | T9°T  €60*0 O _mmmo.o_ i
! .. | w ” “ﬂ H i
T°0T Ggro*0 | 60T0*0 = gL'z . £°0 | L*OL 062 | ¢h wood | [z¢*0 | H6°T ;30. ] ! *Nmmo. 6T
Heg | TL10°0 _ 09T0°0 | G927 | 6% i 265 |€°8€| G*0g wood . 90£*0 2tz Moo, 0% “omno.ow 8T
g2t LOTO*0 | 26T0°®0 | oz I*r ! 6 Jém 9 009  2IE°0 | 99°C _Hmo o (o4 w?mo.om 8
| | | w m
¢eg ¢900°0 | 2%W20°0 “ 2612 » i “ 8°92 _m om_ 8T mwooy = z¢E*0 | ogTh | gLT® o. 05 lzzgo*0i T
i : » { i
% g700*0 : §G920°0 | 880°C 0°0 | 0°0Z T°08| 22 wooy : ¢¢¢°0 1 W9l \Gz*0 oot |Teco®0} (T
H ﬂ _ ! i [ i ! {
i ! i i :
oTON |  grom | v i 9 i ( i
| POWLIOL  ¢poron0OeY! *3 L£ytanduT .mmwommmm mm m_ ‘aange mm M\ M\.J . .m..n.m.mm, |
\ 980801 6ySg | fPTROd | ey —xed mNo : e PN
w,a..wmoq uoxod! H omm gl udg | e .. q o | oTou | .ohzmmw.um ‘posp jueurt
. B .wo n_hwdmﬂ ...,QE._.H.H_ ysed v e ! d N - m
_ ‘I ¢ % ; g o | |~xodxd |
“ , , oT3ed JIeTON | : "
“ , i .#oﬁwonm Jo uotjytsodwo) ! - { .._”E ﬂ

g-oueioqejuUs] JO UOTFETAU3E oU3 UO oanssald SUSTAUIE JO 308JJFH

® TIdVL

IHIOS I /TY TINHATANOO



CUONE'LDBINL LA LY L DUl

Le5 Effect of Ethylene Pressure

A steady increase in yield of ethyl pentaborane was observed in a
series of experiments (Table 4) in which the initial pressures of ethylene
were reduced by stages from 100 to 5 peseiege The relatively low yield
(448 per cent) obtained in experiment 16 (21 hours) indicated that a long
reaction time was necessary when the ethylene:pentaborane ratio approached
unity.

The 2-stage reaction involved in experiment 15 gave a high yield of
ethyl pentaborane but the product contained an undesirable quantity of
impurity. The latter gave a smaller retention volume than pentaborane

on the gas chromatogram (cf. Fige 3).

Le6. Consumption of Ethylehe

In later experiments when low pressures of ethylene were used it
was convenient to measure ethylene gas volumetrically before and after each
experiment (Table 5, p.10)s It is interesting to note the relatively
high consumption of ethylene associated with a high catalyst ratio
(experiment 22) and with a high ethylene pressure (experiment 23). The
yield of 73.6 per cent recorded in experiment 24 is the highest obtained
during the present investigation.

4e7 Fractional Distillation of Pentaborane/Ethyl Pentaborane

Bulked reaction products (10.0 ge) containing pentaborane (28.7 per
cent), ethyl pentaborane (70.9 per cent) and impurity (Oe4 per cent) were
fractionally distilled in the apparatus shown in Figure L4e The fraction-
ating column was packed with stainless steel Dixon geuzes (§ x & inch;

100 B.S.S. mesh) and the receiver was cooled in solid~carbon-dioxide/acetone.
A small positive pressure of dry nitrogen (ca. 780 mmeHg) was maintained in
the system throughout the distillation.

The results obtained by fractionating the mixture are presented in
Table 6 (pe 10)together with gas chromatographic analyses of the three
fractionse It was found that over 80 per cent of the ethyl pentaborane
could be obtained free from pentaborane and impuritye

Thermal decomposition occurred to a very slight extent during
distillation as evidenced by the formation of a small quantity of ethane
and the deposition of a brown film in the still.

4.8 Hydrolysis

Although many of the physical properties of ethyl pentaborane have
been neasured éﬂ? and some attention has been given to its thermal
decomposition (22) no effort has been made to examine its behaviour on
hydrolysis. As part of another investigation (23) the rates of hydrolysis
of decaborane, ethyl. decaborane and ethyl pentaborane were measured by
treating known amounts of the boranes (ca. 0.1 ge) with dioxane (25 c.c.)/
normal hydrochloric acid (5 c.c.) at 30°C.
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Figure 5 illustrates the relative rates of decomposition calculated
from the rates of evolution of hydrogen, assumed to be liberated according
to the following equations:

BlOH‘_u+ + 30 H20 -—-22 H2 + 10 H3B03

BlOH1302H5 + 29HO —2LH, + 9 H3B03 + 02H5B(OH) 5

BgHgCoHy  + 1k HPO ~—211 H, + )...H3B03 $ 021{513(0H)2

The comparative instability of ethyl pentaborane was clearly
demonstrated; hydrolysis was 97 per cent complete in 60 minutes.

5.  DISCUSSION

5.1 Preparation

The following generalisations emerge from a study of the results in
Tables 2 to 5.

(i) High temperatures do not favour ethylation of pentaborane.
(ii) Increasing the amount of catalyst causes high boron lossesa.

(iii) High ethylene pressures give low yields of ethyl pentaborane at
roon temperature and at €0°C,
In view of the well-known reversibility of Friedel Crafts reactions

it seems likely that high reaction temperatures may cause de~alkylation
of ethyl pentaborane. High boron losses in the presence of increased
amounts of catalyst may well be due to self-condensation of boron-cortaining
compounds or to complex formation between these compounds and aluminium
chlorides The adverse effect of high pressure may be due to increased
interaction between ethylene and aluminium chloride.

The optimum conditions for ethyl pentaborane formation involve low
pressures of ethylehe, a small ratio of catalyst to pentaborane and
reaction at ambient temperature. Under such conditions, and in a vessel
which cannot be agitated or stirred, a long reaction time is requireds

It is known that alkyl halides react rapidly with pentalorane in
the presence of aluminium chloride and the reactions proceed rapidly
at or below room temperature. Clearly, such reaction sonditions should
favour high yields of ethyl pentaborane although it has been shown
during the present investigation that side-reactions may occur involving
reduction of the alkyl halide to the corresponding hydrocarbon.

5.2 Purification

Separation of pentaborane/ethyl pentaborane mixtures by methods based
on low-temperature distillation is known to be tedious (1) Preparative-
scale gas chromatography is readily applicable to small quantities of
such mixtures and has proved valuasble in providing samples of ethyl
pentaborane for elemental analysis (5)e The present investigation shows
that large scale purification may be successfully achieved by fructional
jistillation at atmospheric pressure, whereby impurity aad pentaborane
arc reroveds The rssidue which consists of pure ethyl pentaborane,

/in L L
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in amount corresponding to more than 80 per cent of the quantity originally

present iy the mixture, may be readily transferred by subsequent vacuum
distillatione

5.3 Comparison of Ethyl Pentaborane and Ethyl Decaborane

The choice of a particular organoborane as a possible high energy
fuel depends not only upon its heat of combustion but also upon its ease
of mamfacture and purification and its physical and chemical propertiese

wo important points established by the present work are that penta-
borane may be converted to ethyl pentaborane in good yield, and that
sthylasion does not proceed beyond mono=substitution. On the other hand,
ethyl decaborane readily undergoss frrther reaction to yield undesirable
polyalkylated substances of low heating value.

Purification of ethyl pentaborane is relatively easy, too, compared
with the distillation of ethyl decaborane (bepe 217°C). lixtures
containing ethylated derivatives of decaborane can be distilled under high
vacuum but complete separation of components is not possible (1)s

However, consideration of the calculated heats of combustion of
organoboranes (Table 7) (9) shows that, despite the advantage exhibited by
pentaborane itself, ethyl end propyl derivatives have lower heating values
than the ccrresponding compounds of decaborane.

TABLE 7

Heats of Combustion of Organoboranes

= Heat of Combustion ’
' (to crystalline B,0z), Betous/1bs |
Borane : : '
Unsubstituted | Methyl | Ethyl Propyl |

Pentaborane 29,400 27,200 25,900 25,000?
| s

| Decaborane 28, 500 . 27,300 26,700 26,000;

i

Some of the more important physical properties of the lower alkyl
derivatives of pentaborane and decaborane are compared in Table 8;
methyl pentaborane is omitted because it is too volatile to be considered
useful as a fuels Limitations are imposed on the usefulness of ethyl
pentaborane because of its high vapour pressure and low densitye.

/TABIJE 8 secee
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TABLE 8

Comparison of Ethyl Pentaborane, lMethyl and Ethyl Decaborane

Property | [Ethyl Methyl

| Ethyl
| | Pentaborane | Decaborane

Decaborane

i
V:nlfu;gpress“re' 29/19.5°C (1) !Less than 1/25°C(1)| Less than 1/25°C(1)
L ] L] ‘

Bgi ling point,

o 06 . f. 2881 217 (1) ,
Mglting point, |
(v -85 (1) -1 to =12(1) -25 (1) {
Density 0.68 (21) 0.80(Hef-4)(6) 0.80=0.82(Hef-3)(6) '
s

Viscosity | - a it '
e+ io.se/zo c (21)| 9/25°C(Hef-4)(6) | 9/25°C (Hef~3){6) '

The figures in parentheses are Bibliography references

Ethyl decaborane is more stable than ethyl pentaborane with respect
to hydrolysis (see Section L4.8) and thermal decompositions Mcbonald
(20, 22, 24=26) examined the behaviour of various boranes and organo-
boranes on heating and, although the experiments were not always strictly
comparable, the following order of thermal stability emerged:
decaborane s ethyl decaborane s> pentaborane > ethyl and propyl pentaborane.

In general it has been found that decaborane and its derivatives are
more easily handled than pentaborane and alkyl pentaboranes. Pentaborane
is spontaneously inflammable in air, es also are mixtures of pentaborane
and ethyl pentaborane. By contrast decaborane and its derivatives do not
appear to be affected by dry air and are attacked only slowly by
atmospheric moisture.

Although ethyl pentaborane is more easily prepared and purified than
ethyl decaborane, the latter is more attractive as a high energy fuel
because of lower vapour pressure, higher heat of combustion, density,
thermal and hydrolytic stability and the greater ease of handling of
decaborane and its derivatives. These considerations are evidently
well-known in the U.S.A., where horon fuels based on decaborane
éHiCal—}, Hef-3 and Hef-}) are preferred to those derived from pentaborane

Hef-2) (6,27).

6e CONCLIUSIONS

6.1 Ethyl pentaborane mey be cbtained in 74 per cent yield by the
Friedel Crafts ethylatiom of pentaborane-9 with ethylene in the
presence of aluminium chlorides

6.2 High yields of ethyl pentaborane are favoured by low ethylene
pressure, a catalyst: pentaborane ratio of 1l:5 »nd reaction at
ambient temperature. Under these conditions, in an unstirred

/&lltOCl&VG eceoe
- 13 -
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autoclave, a long reaction time is necessarye.

Over 80 per cent of the ethyl pentaborane in a typical reaction product
can be separated from pentaborane and impurity by fractional distillation
under a small positive pressure of nitrogen.

6el4 After 1 hour in a dioxane/hydrochloric acid medium at 30°C the relative

6e5

7.

extents of decomposition of ethyl decaborane, decaborane and ethyl
pentaborane are 6.7, 9.7 and 97.0 per cent.

Consideration of the usefulness of ethyl pentaborane and e thyl decaborane
as possible high energy fuels suggests that the former has certain
advantages with regard to preparation and purification but the latter is

to be preferred because of lower vapour pressure, higher heat of combustion,
density, thermal and hydrolytic stability and, in general, because of the
greater ease with which Cccaborane and its derivatives can be handled.
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determined by studying the Friedel Crafts reaction of pentaborane with
ethylene/aluminiun chlorides High yields were favoured by low
ethylene pressure, a small ratio of catalyst to pentaborane, and reaction
at ambient temperature.

Over 80 per cent of the ethyl pentaborane in a typical reaction
product was recovered in a pure state by fractional distillation under
a small positive nitrogen pressuree.

Rates of hrdrolysis of ethyl decaborane, decaborane and ethyl
pentaborane were measured in a dioxane/hydrochloric acid mediumj
decomposition percentages after 1 hour at 30°C were 6.7, 9.7 and 97.0
respectivelye.

The preparation, purification and properties of ethyl pentaborane
and ethyl decaborane are compared and discussed.
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